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(54) Fluid distribution system for solid oxide fuel cells 



(57) An electrode fluid distributor includes a fluid 
passageway (204) having a plurality of segment pairs 
each including an inlet segment (232) in fluid communi- 
cation with an inlet and an outlet segment (234) in fluid 
communication with an outlet. A baffle (242) is disposed 



between adjacent inlet (232) and outlet segments (234). 
Each inlet segment (232) is In fluid communication with 
adjacent inlet segments (232) and adjacent outlet seg- 
ments (234), and each outlet segment (234) Is in fluid 
communication with adjacent outlet segments (234). 
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Description 

TECHNICAL FIELD 

[0001] The present disclosure relates to solid oxide 
fuel cells, and more particularly relates to a solid oxide 
fuel cell structure including a fluid distribution system. 

BACKGROUND 

[0002] Alternative transportation fuels have been rep- 
resented as enablers to reduce toxic emissions in com- 
parison to those generated by conventional fuels. At the 
same time, tighter emission standards and significant 
innovation in catalyst formulations and engine controls 
have led to dramatic improvements In the low emission 
perfomriance and robustness of gasoline and diesel en- 
gine systems. This has certainly reduced the environ- 
mental differential between optimized conventional and 
altematlve fuel vehicle systems. However, many tech- 
nical challenges remain to make the conventionally 
fueled Internal combustion engine a nearly zero emis- 
sion system having the efficiency necessary to make the 
vehicle commercially viable. 

[0003] Altematlve fuels cover a wide spectrum of po- 
tential environmental benefits, ranging from incremental 
toxic and carbon dioxide (CO2) emission improvements 
(refomnulated gasoline, alcohols, liquid petroleum gas, 
etc.) to significant toxic and COg emission improve- 
ments (natural gas, dimethylether, etc.). Hydrogen is 
clearly the ultimate environmental fuel, with potential as 
a nearly emission free internal combustion engine fuel 
(including GO2 if it comes from a non-fossil source). Un- 
fortunately, the market-based economics of alternative 
fuels, or new power train systems, are uncertain in the 
short to mid-term. 

[0004] The automotive industry has made very signif- 
icant progress in reducing automotive emissions in both 
the mandated test procedures and the "real world". This 
has resulted in some added cost and complexity of en- 
gine management systems, yet those costs are offset 
by other advantages of computer controls: increased 
power density, fuel efficiency, drivabllity, reliability and 
real-time diagnostics. 

[0005] Future initiatives to require zero emission ve- 
hicles appear to be taking us into a new regulatory par- 
adigm where asymptotically smaller environmental ben- 
efits come at a very large incremental cost. Yet, even an 
"ultra low emission" certified vehicle can emit high emis- 
sions in limited extreme ambient and operating condi- 
tions or with failed or degraded components. 
[0006] One approach to addressing the issue of emis- 
sions is the employment of fuel cells, particularly solid 
oxide fuel cells ("SOFC"), in an automobile. A fuel cell 
is an energy conversion device that generates electricity 
and heat by electrochemically combining a gaseous fu- 
el, such as hydrogen, carbon monoxide, or a hydrocar- 
bon, and an oxidant, such as air or oxygen, across an 



ion-conducting electrolyte. The fuel cell converts chem- 
ical energy into electrical energy. A fuel cell generally 
consists of two electrodes positioned on opposites of an 
electrolyte. The oxidant passes over the oxygen elec- 

5 trode (cathode) while the fuel passes over the fuel elec- 
trode (anode), generating electricity, water, and heat. 
[0007] SOFC's are constructed entirely of solid-state 
materials, utilizing an ion conductive oxide ceramic as 
the electrolyte. A conventional electrochemical cell in a 

10 SOFC is comprised of an anode and a cathode with an 
electrolyte disposed therebetween. In a typical SOFC, 
a fuel flows to the anode where it is oxidized by oxygen 
ions from the electrolyte, producing electrons that are 
released to the external circuit, and mostly water and 

fs cartoon dioxide are removed in the fuel flow stream. At 
the cathode, the oxidant accepts electrons from the ex- 
terna! circuit to form oxygen ions. The oxygen ions mi- 
grate across the electrolyte to the anode. The flow of 
electrons through the external circuit provides for con- 

20 sumable or storable electricity. However, each individual 
electrochemical cell generates a relatively small volt- 
age. Higher voltages are attained by electrically con- 
necting a plurality of electrochemical cells in series to 
form a stack. 

25 [0008] The SOFC cell stack also includes conduits or 
manifolds to allow passage of the fuel and oxidant into 
and byproducts, as well as excess fuel and oxidant, out 
of the stack. Generally, in certain cell configurations, ox- 
idant is fed to the structure from a manifold located on 

30 one side of the stack, while fuel is provided from a man- 
ifold located on an adjacent side of the stack. The fuel 
and oxidant are generally pumped through the mani- 
folds. From the manifolds, the fuel and oxidant are sep- 
arately introduced to fluid distribution surfaces on an ap- 

35 propriate structure such as an interconnect between 
cells or an end cap. The fluid distribution surfaces are 
positioned in fiukJ communication with the appropriate 
electrode, with the SOFC efficiency related, in part, to 
fluid distribution across the surface of the electrode. 

40 [0009] Typically, fuel is introduced at the edge of the 
interconnect reacts with the electrode. The reaction (at 
an anode) generally creates electrons and water, 
wherein the water mixes with the fuel flowing across the 
electrode. Therefore, certain regions of the electrode 

45 are prone to diminished current density, since the fuel 
used at certain regions contains spent fluid, thus a de- 
creased concentration in fuel 

[0010] What is needed in the art is an enhanced struc- 
ture for distributing fluid to electrodes of SOFC*s, partic- 
50 ularly for distributing fresh fuel to anodes of SOFC's. 

SUMMARY 

[001 1 ] The drawbacks and disadvantages of the prior 
55 art are overcome by an electrode fluid distributor in- 
cludes a fluid passageway having a plurality of adjacent 
pairs of segments each Including an inlet segment in flu- 
id communication with an inlet and an outlet segment in 



2 



BNSDOCID: <EP 1217677A2_L> 



3 EP 1 21 

fluid communication with an outlet. A baffle is disposed 
between adjacent inlet and outlet segments. Each inlet 
segment is in fluid communication with adjacent Inlet 
segments and adjacent outlet segments, and each out- 
let segment is in fluid communication with adjacent out- 
let segments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Refening now to the figures, which are meant 
to be exemplary not limiting, and wherein like elements 
are numbered alilce in the several figures. 

Figure 1 is an expanded isometric view of a SOFC. 
Figure 2 is a schematic of the operation of a SOFC. 
Figure 3 is a partial plan view of a fluid distribution 
system according to one embodiment. 
Figure 4 is a partial isometric view of a fluid pas- 
sageway employed within the fluid distribution sys- 
tem of Figure 3. 

Figure 5 is a sectional view along lines 5-5 of Figure 
4. 

Figure 6 is a sectional view along lines 6-6 of Figure 
4. 

Figure 7 is a partial plan view of a fluid distribution 
system according to another embodiment. 
Figure 8 is a schematic of a SOFC system incorpo- 
rating the fluid distribution system. 
Figure 9 is a schematic of another SOFC system 
incorporating the fluid distribution system. 

DETAILED DESCRIPTION 

[001 3] Different types of SOFC systems exist, includ- 
ing tubular or planar systems. These various systems, 
while operating with different cell configurations, have 
similar functionality. Therefore, reference to a particular 
cell configuration and components for use within a par- 
ticular cell configuration are intended to also represent 
similar components in other cell configurations, where 
applicable. 

[0014] Generally, the system may comprise at least 
one SOFC, an engine, one or more heat exchangers, 
and optionally, one or more compressors, an exhaust 
turbine, a catalytic converter, preheating device, plas- 
matron, electrical source (e.g., battery, capacitor, motor/ 
generator, turbine, and the like, as well as combinations 
comprising at least one of the foregoing electrical sourc- 
es), and conventional connections, wiring, control 
valves, and a multiplicity of electrical loads, Including, 
but not limited to, lights, resistive heaters, blowers, air 
conditioning compressors, starter motors, traction mo- 
tors, computer systems, radio/stereo systems, and a 
multiplicity of sensors and actuators, and the like, as well 
as conventional components. 

[0015] One configuration of a SOFC includes a stack 
of planar SOFC's. An electrochemical cell stack 10 is 
illustrated in Figure 1 . A fuel electrode or anode 30 and 
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an oxygen electrode or cathode 50 are disposed on op- 
posite sides of a solid electrolyte 40. An end cap 20 in- 
cludes a surface 22 that is configured for disposal adja- 
cent to the anode 30 for both electrical contact and also 

5 to provide fuel distribution. An interconnect 24 includes 
a first interconnect surface 26, and a second intercon- 
nect surface 28. Surface 26 is configured for disposal 
adjacent to the cathode 50 to provide oxidant distribu- 
tion and electrical contact, and surface 28 is configured 

10 for disposal adjacent to an anode 32 of another SOFC. 
Anode 32 is disposed adjacent to interconnect 24 to il- 
lustrate the placement of and ability to stack several 
electrochemical cells connected to electrochemical cell 
10. 

15 [0016] The solid electrolyte 40 of the electrochemical 
cell 10 can be an ion conductor capable of transporting 
oxygen Ions from the cathode 50 to the anode 30, that 
is compatible with the environment in which the SOFC 
will be utilized (e.g., temperatures of about — 40**C up 

20 to about 1 ,000'*C). Generally, solid electrolyte materials 
include conventional materials, such as ceramics and/ 
or metals (e.g., alloys, oxides, gallates, and the like), 
including zirconium, yttrium, calcium, magnesium, alu- 
minum, rare earths, and the like, as well as oxides, gal- 

25 lates, aluminates, combinations, and composites com- 
prising at least one of the foregoing materials. Prefera- 
bly the electrolyte is a rare earth oxide (such as yttria, 
gadolinia, neodymia, ytterbia, erbia, ceria, and the like) 
doped with aliovalient oxide(s) (such as magnesia, cal- 

30 cia, strontia, and the like, and other +2 valence metal 
oxides). 

[0017] The anode 30 and cathode 50, which form 
phase boundaries (gas/electrolyte/catalyst particle; 
commonly known as triple points) with the electrolyte 40, 

35 can be disposed adjacent to or integral with the electro- 
lyte 40. The anode 30 and cathode 50 are generally 
formed of a porous material capable of functioning as 
an electrical conductor and capable of facilitating the ap- 
propriate reactions. The porosity of these materials 

40 should be sufficient to enable dual directional flow of 
gases (e.g., to admit thefuel or oxidant gases and pemriit 
exit of the byproduct gases), with a porosity of about 
20% to about 40% porous, typically preferred. 
[0018] The composition of the anode 30 and cathode 

45 50 can comprise elements such as zirconium, yttrium, 
nickel, manganese, strontium, lanthanum, iron, and co- 
balt, samarium, calcium, proseodynium, and, oxides, al- 
loys, and combinations comprising at least one of the 
foregoing elements. Preferably, the anode material is 

so formed upon a ceramic skeleton, such as nickel oxide- 
yttria-stabiiized zirconia, and the like, for thenmal com- 
patibility. 

[0019] Either or both the anode 30 and the cathode 
50 can be formed on the electrolyte 40 by a variety of 
55 techniques including sputtering, chemical vapor depo- 
sition, screen printing, spraying, dipping, painting, and 
stenciling, among others. The electrodes are disposed 
typically about 10 to about 1 ,000 microns or so in thick- 
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ness. In the anode supported case, the anode is prefer- 
ably about 1 ,000 nnicrons, the electrolyte about 1 0 mi- 
crons, and the cathode about 40 m--. ons. 
[0020] The electrochemical cell 1 an be electrically 
connected with other electrochemic^ii cells by using for 
example, interconnect 24. Depending upon the geome- 
try of the SOFC, the fuel and the oxidant flow through 
the electrochemical cell 10 via the passageways of the 
end cap 20 and the interconnect 24. The end cap 20 
and the interconnect 24 are generally formed of a ma- 
terial capable of withstanding the pressures and tem- 
peratures of the SOFC, and capable of conducting elec- 
tricity. For example, suitable end caps and interconnects 
can be In the form of mats, fibers (chopped, woven, non- 
woven, long and the like) which are capable of with- 
standing automobile operating conditions (e.g., temper- 
atures of about -40*'C to about 1, 000*^0) and are elec- 
trically conductive material compatible with the oxidlzl ng 
or reducing nature of the fuel cell environment. Some 
possible end caps and interconnects can comprise ma- 
terials such as silver, copper, ferrous materials, stron- 
tium, lanthanum, chromium, chrome, gold, platinum, 
palladium, nickel, titanium, conducting ceramics (e.g., 
doped rare earth oxides of chromium, manganese, co- 
balt, ntekel, and the like; doped zirconia, including, zir- 
conla doped with titanium, copper, and the like), and the 
like, as well as alloys, oxides, cermets, composites, and 
combinations comprising at least one of the foregoing 
materials. 

[0021] Each individual electrochemical cell 10 com- 
prising a single anode 30, a single electrolyte 40, and a 
single cathode 50, generates a relatively small voltage, 
generally from about 0.5 to about 1 .1 volts. Higher volt- 
ages are attained by electrically connecting a plurality 
of electrochemical cells in series to form a stack. The 
total number of cells forming a stack can range from 2 
to several hundred, depending on power requirements, 
space and weight restrictions, economics, and the like. 
[0022] The dimensions of each cell may vary gener- 
ally depending on the spacial requirements and the de- 
sired output. Generally, SOFC's may be employed in ar- 
eas ranging from a microscopic scale, wherein each cell 
has an area of several microns squared, to an Industrial 
power generation scale, such as in a power plant where- 
in each cell has an area of several meters squared. Par- 
ticularly useful dimensions for SOFC's employed In au- 
tomotive applications are between 50 and 200 squared 
centimeters per cell (cm^/cell), but it will be understood 
that these dimensions may vary depending on various 
design considerations. 

[0023] In operation, the electrochemical cell 10 pro- 
duces a current flow as illustrated by current flow arrows 
60, 60' in Figure 2. Oxidant gases, such as oxygen or 
air, can be introduced to the cathode side of the cell, 
flowing as illustrated by the oxidant flow arrows 64, 64', 
64". The oxidant receives the flowing electrons (e*) and 
converts them into oxide ions (O^'), which diffuse 
through the electrolyte 40 to the anode 30, as depicted 



In the following reaction: 

O2 +4e" -> 20^' 

5 

[0024] At the anode, the oxide ions react with a fuel, 

such as hydrogen, carbon monoxide, methane, other 
hydrocarbons, or a combination comprising at least one 
of the foregoing fuels, which is introduced to the elec- 

10 trochemical cell 1 0 as illustrated by the fuel flow an-ows 
62, 62', 62". The reaction of the fuel and oxide ions pro- 
duces electrons (e ), which flow outside of the electro- 
chemical cell 10 to the external circuit 70 and back to 
the cathode 50. The fuel/oxide ion reaction is depicted. 

15 in the following reactions: 

H^ArC^' ^ H20 + 2e 
20 (when fuel is hydrogen) 

CO-hC^' ^ CO2 + 2e" 
25 (when fuel Is carbon monoxide) 

CH^+4Cf' -^ZH^O-h C02+8e 

30 (when fuel is methane) 

Unreactedfuel and byproducts, such as water or carbon 
monoxide, exit the electrochemical cell 10 in the fuel 
stream, as illustrated by fuel stream arrow 66, while ex- 
cess oxidant exits the electrochemical cell 10, as lilus- 

35 trated by oxidant stream arrow 68. 

[0025] Basically, the electrolyte 40 conducts these ox- 
ide bns (0-2) between the anode 30 and the cathode 
50, maintaining an overall electrical charge balance. 
The cycle of flowing electrons (e-) from the anode 30 

40 through the extemal circuit 70 to the cathode 50 creates 
electrical energy for harnessing. This electrical energy 
can be directly utilized by the vehicle to power various 
electrical parts, including, but not limited to. lights, re- 
sistive heaters, blowers, air conditioning compressors, 

45 starter motors, traction motors, computer systems, ra- 
dio/stereo systems, and a multiplicity of sensors and ac- 
tuators, among others. Unlike electricity generated in 
conventional motor vehicles, the electricity produced by 
the SOFC is direct current which can be matched to the 

so normal system voltage of the vehicle. This minimizes or 
avoids the need for devices such as diodes, voltage cc - - 
version and other losses, such as resistive losses in • * v 
wiring and in/out of the battery, associated with conve?> 
tional vehicle systems and traditional hybrid electrical 

55 systems. This high efficiency electricity allows electrifi- 
cation of the vehicle, including functions such as aircon- 
ditioning and others, while allowing weight, fuel econo- 
my and performance advantages compared to conven- 
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tlonal hybrid electric mechanization and conventional in- 
ternal combustion engine systems. 
[0026] During start-up and for cabin heating the 
SOFC can be operated at high adiabatic temperatures, 
e.g. up to about 1,000®C, subject to catalyst linnitations, 
with typical operating temperatures ranging from about 
600^*0 to about 900*'C, and preferably about 650*'C to 
about 800°C. Consequently, at least one heat exchang- 
er is preferably employed to cool the SOFC effluent and 
conversely heat the air prior to entering the SOFC, with 
conventional heat exchangers generally employed. 
[0027] The fuel utilized in the system is typically cho- 
sen based upon the application, and the expense, avail- 
ability, and environmental Issues relating to the fuel. 
Possible fuels include conventional fuels such as hydro- 
carbon fuels, including, but not limited to, conventional 
liquid fuels, such as gasoline, diesel, ethanol, methanol, 
kerosene, and others; conventional gaseous fuels, such 
as natural gas, propane, butane, and others; and alter- 
native or "new" fuels, such as hydrogen, biofuels, 
Fischer Tropch, dimethyl ether, and others; and any 
combinations comprising at least one of the foregoing 
fuels. The preferred fuel is typically based upon the type 
of engine employed, with lighter fuels, i.e. those which 
can be more readily vaporized and/or conventional fuels 
which are readily available to consumers, generally pre- 
ferred. 

[0028] Furthennore, the fuel for the SOFC can be 
processed in a refonner A reformer generally converts 
one type of fuel to a fuel usable by the SOFC (e.g., hy- 
drogen). Mainly two types of refonmer technologies are 
employed, steam refomners which employ an exother- 
mic reaction and partial oxidation refonrjers which em- 
ploy an endothennic reaction. Steam reformer technol- 
ogy is generally employed for converting methanol to 
hydrogen. Partial oxidation reformers are generally em- 
ployed for converting gasoline to hydrogen. Typical con- 
siderations for the reformers include rapid start, dynanrv 
ic response time, fuel conversion efficiency, size, and 
weight. 

[0029] The SOFC may be used in conjunction with an 
engine, for example, to produce tractive power for a ve- 
hicle. Within the engine, SOFC effluent, air, and/or fuel 
are burned to produce energy, while the remainder of 
unbumed fuel and reformed fuel is used as fuel in the 
SOFC. The engine can be any conventional combustion 
engine including, but not limited to, internal combustion 
engines such as spark ignited and compression ignited 
engines, including, but not limited to, variable compres- 
sion engines. 

[0030] Similar to the engine, the turbine can be em- 
ployed to recover energy from the engine effluent to pro- 
duce tractive power and further to recover energy to op- 
erate the compressor(s) and preferably to generate 
electricity for various uses throughout the system and/ 
or vehicle. The turbine employed can be any conven- 
tional turbine useful in automotive or power generation 
applications. In a preferred embodiment, the turbine 



and/or compressor may be accelerated or decelerated 
by a motor/generator to increase the compression 
(when required to increase the compression for optimal 
system performance) or to decrease compression 

5 (when excessive energy is available in the exhaust gas- 
es). For example, a high-speed electrical machine can 
be linked to the turbine and compressor. 
[0031] After passing through the turtDine, the SOFC 
effluent preferably enters a catalytic converter in order 

10 to attain extremely low, nearly zero emissions of hydro- 
cartDons and nitric oxide. The catalytic converter Is typ- 
ical of those used in automotive applications, including 
those employing (1) noble metals and alloys thereof, 
such as platinum, rhodium and palladium catalysts and 

15 alloys thereof, among others and/or (2) particulate filter- 
ing and destruction. 

[0032] Optional equipment which additionally may be 
employed with the present system includes, but is not 
limited to, sensors and actuators, heat exchangers, a 
20 battery, a fuel reformer, a burner, phase change mate- 
rial, a thermal storage system, a plasmatron, a desul- 
furizer, or any combination comprising at least one of 
the foregoing equipment. Desulfurizer equipment may 
also be employed, for example, if the fuel is rich in sulfur, 
25 or If the catalyst employed in the SOFC is particularty 
intolerant to sulfur, such as nickel-based catalysts. 
[0033] Figure 3 is a top plan view of a fluid distribution 
surface 200, for example, suitable for use as a portion 
of the end cap 20 or interconnect 24 described above. 
30 Surface 200 comprises a plurality of fluid passageways 
204 that radiate around a point 206, wherein each fluid 
passageway 204 is generally wedge shaped. Altema- 
tively, the point 206 may be a region of various shapes, 
such as circular, oval, square, rectangular, triangular, 
35 polygonal, or other shape. 

[0034] Although reference is made herein to a plural- 
ity of fluid passageways 204, it is contemplated that a 
single fluid passageway 204 can be employed as a por- 
tion of a fluid distribution system comprising fluid distri- 
40 bution systems other than the fluid passageway 204. Al- 
ternatively, a single fluid passageway 204 may be em- 
ployed with a cell having suitable dimensions. Further- 
more, a plurality of fluid passageways 204 may com- 
prise a portion of a fluid distribution system. 
45 [0035] Referring also now to Figures 4-6, a portion of 
the fluid passageway 204 In fluid communication with 
an electrode 21 0 is detailed. The fluid passageway 204 
generally comprises an inlet channel and an outlet chan- 
nel. The inlet channel comprises a plurality of inlet seg- 
50 ments 232, and the outlet channel comprises a plurality 
of outlet segments 234. A plurality of the segments pairs 
(each segment pair comprising an inlet segment 232 
and an adjacent outlet segment 234) are optionally pro- 
vided substantially in the direction along the length of 
55 the fluid passageway 204 from a conduit system gener- 
ally at the outer edge of the surface 200 to the point 206 
(Figures), hereinafter referred to as the radial direction. 
Thus, In this embodiment, since the width of fluid pas- 
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sageway 204 decreases from the outer edge to the point 
206, the width of segments 232, 234 correspondingly 
decrease. 

[0036] The segments 232, 234 are bound In the radial 
direction by a pair of walls 224, and are separated from 5 
adjacent fluid passageways by a pair of sidewalls 226. 
Each of the segments 232, 234 is in fluid communication 
with a portion of the electrode 21 0 (wherein each portion 
is hereinafter referred to as the "segmental electrode 
portion"). Therefore, since the width of segments 232, io 
234 decrease in the radial direction, the area of each of 
the segmental electrode portions decreases from a larg- 
er area to a smaller area in the radial direction. 
[0037] To segregate the surface 200 (Figure 3) com- 
prising fluid passageways 204 from the opposite sur- is 
face, a separator 220 is fomned. Separator 220 can be 
an end portion of an end cap or a dividing portion be- 
tween two sides of an interconnect. The walls 224 and 
the sidewalls 226 generally extend from the separator 
220 such that at least a portion of each wall 224 and at 20 
least a portion of each sidewall 226 abut the electrode 
210. Those portions that abut the electrode 21 0 provide 
both electrical contact and fluid segregation between 
segments and between adjacent fluid passageways. 
Generally, sufficient electrical contact is provided forthe 25 
respective size, load demands, operating conditions, 
and the like. Typically an electrical contact area of at 
least about 5%, with at least about 1 0% prefenred, and 
about 1 0% to about 25% especially preferred, based up- 
on the area of anode 201 . The electrical contact is gen- 30 
erally via the edges of walls 224. 226. 
[0038] Each pair of segments comprising an inlet seg- 
ment 232 and an outlet segment 234 are separated by 
a baffle 242. Fluid communication between the inlet seg- 
ment 232 and the outlet segment 234 is at least partially 35 
hindered by the baffle 242. In one embodiment, the baf- 
fle 242 is positioned between a pair of walls 224 such 
that an opening 244 Is created between the baffle 242 
and the electrode 210. Altematlveiy, openings may be 
provided within the baffle 242. Further, one or more al- 40 
ternative openings may be combined with the opening 
244. Such alternative openings may comprise holes, 
slots, apertures, pores, or other discreet openings which 
enable sufficient fluid communication between the seg- 
ments 232 and 234. Any of these alternatives may pro- 
vide certain turbulence between segments 232 and 234 
(cross turbulence) during operation, resulting in vorti- 
ces. These may be desirable for improved mixing of the 
fuel and exhaust products. 

[0039] For fluid communication in the radial direction, so 
each wall 224 comprises a first opening 252 and a sec- 
ond opening 254. A plurality of first openings 252 fonn 
an inlet channel through a plurality of corresponding in- 
let segments 232, and a plurality of second openings 
254 form an outlet channel through a plurality of corre- 55 
spending outlet segments 234. The inlet channel Is in 
fluid communication with a feed fuel manifold, and the 
outlet channel Is in fluid communication with a spent fuel 



manifold. To generate the driving force, the pressure in 
the feed fuel manifold is maintained at a higher level 
than the pressure in the spent fuel manifold. The pres- 
sure differential may be based on the inherent pressure 
drop through the passage, or It optionally may be ad- 
justed based on target flow, varying cross-section of the 
opening, or the like. 

[0040] Openings 252, 254 may be fomned as cut away 
portions having a top generally bound by separator 220, 
as shown. Alternatively, openings may be provided else- 
where on the wall 224. Further, one or more alternative 
openings comprising holes, slots, or other openings, 
may be combined with the openings 252, 254. Still fur- 
ther, openings 254 and openings 252 maybe configured 
and dimensioned differently or identical to one another, 
as well as the same as or different from each other open- 
ing 254, 252, respectively. Possible opening geometries 
range from multi-sided, e.g., semi-rectangular, semi- 
hexagonal, or other semi-poiygonal shape, to smooth, 
e.g., semi-circle, semi-elliptical, and the like. 
[0041] Further alternative configurations may also 
provide for some fluid communication between adjacent 
fluid passageways 204. This may be provided for by 
forming all or part of the walls 226 with a porous material, 
or by forming openings on the walls 226. Any of these 
alternatives may provide certain turbulence between 
proximate fluid passageways during operation, resulting 
in vortices. However, in order to attain the desired fluid 
distribution across the electrode, the amount of fluid 
communication aliowable between fluid passageways 
204 Is preferably minimal as compared to the fluid flow 
in the radial direction 

[0042] The surface 200 including the fluid passage- 
ways 204 may be formed by various techniques, includ- 
ing but not limited to, machining, casting, molding, mill- 
ing, chemical etching, and the like, as well as any com- 
bination comprising at least one of the foregoing tech- 
niques. 

[0043] Due to the fluid passageway 204 configuration, 
each segment 232 and 234 are contacted with substan- 
tially fresh fuel. Essentially, the surface 200 is positioned 
adjacent to a fuel electrode, and a feed fuel is introduced 
Into the Inlet channel generally via the feed fuel mani- 
fold. The feed fuel passes through the plurality of the 
first openings 252 In the radial direction, generally Indi- 
cated by amows 31 0. As the feed fuel flows through each 
of the inlet segments 232, fresh fuel flows toward the 
segmental electrode portion proximate to the associat- 
ed inlet segment 232 in a direction generally indicated 
by the arrows 320. Additionally, fresh fuel along with 
spent fuel from the electrode portion proximate to seg- 
ment 232 flows through the opening 244 to the outlet 
segment 234 in a direction generally indicated by the 
arrows 330. Therefore, fluid is substantially overtly di- 
rected to electrode portions defined by the pairs of seg- 
ments 232, 234 (as opposed to the flu id bleeding orflow- 
ing across an electrode wherein spent fuel and fresh fuel 
combined are directed into the individual segments). 
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[0044] At each inlet segment electrode portion , the fu- 
el generally reacts to form water electrons that energize 
the external circuit as described generally above with 
respect to Figure 2. The resultant water and any unre- 
acted fuel (hereinafter the spent fluid) flow from the inlet 
segment 232 through the opening 244 to the outlet seg- 
ment 234 in a direction general ly indicated by the arrows 
330. The spent fluid from the outlet segments 234 exit 
via the second openings 254 in a direction generally in- 
dicated by arrows 340, and exit the fluid passageway 
204 in a direction generally Indicated by arrows 350. 
[0045] When the openings are suitably configured 
and dimensioned, substantially fresh fuel distributed to 
each pair of inlet segment 232 and outlet segment 234 
as described above. More particularly, openings should 
be configured and dimensioned such that the same flow 
rate of the same concentration fuel is achieved per area 
unit of the cell. In fluid passageway 204, this is acconv 
piished generally by varying the area dimension of the 
opening from large to small in the radial direction. Al- 
though the segmental electrode areas and the widths of 
the segments 232, 234 decrease in the radial direction, 
the height of the openings 252, 254 may vary or prefer- 
ably remain substantially uniform. 
[0046] For example, a suitable fluid passageway 204 
may have the following dimensions: a width between 
walls 226 of about 0.1 millimeters ("mm") to about 50 
mm, preferably about 1 mm to about 20 mm, and more 
preferably about 8 mm to about 12 mm; a height of wall 
226 of about 0.1 mm to about 5 mm, preferably about 
0.1 mm to about 1 mm, and more preferably about 0.3 
mm to about 0.7 mm; and openings 244 of about 0.05 
mm to about 0.5 mm, preferably about 0.05 mm to about 
0.2 mm, and more preferably about 0.08 mm to about 
0.1 2 mm. Possible alternative configurations for the fluid 
passageway are provided in Figures 7 and 8. Figure 7 
shows a partial top view of a surface 300 comprising a 
plurality of fluid passageways 304, which are similar in 
detail to fluid passageways 204. Generally, fluid flows 
into an inlet in the direction indicated by arrow 350, and 
passes across an electrode via the plurality of fluid pas- 
sageways 304, which are substantially parallel to one 
another and each have substantially the same width 
across the length of the electrode. In this embodiment, 
the outlet fluid may exit on the opposite side of the inlet 
fluid In a direction indicated by arrow 360, typically with 
suitable manifolds and a suitable pressure difference 
between the inlet conduit and the outlet conduit. Alter- 
natively, the spent fluid may exit at the same side as the 
inlet fluid using openings similar to 252, 254, and 244. 
[0047] I n the fluid passageway 304, the width remains 
substantially the same. Therefore, to achieve approxi- 
mately the same flow rate of the same concentration fuel 
is achieved per area unit of the cell, the area dimension 
of the opening may be varied from large to small gener- 
ally in the direction of inlet flow or the width of the seg- 
ments can be varied, e.g., with segments 232 having a 
greater width than segments 234. Since the segmental 



electrode area and the width of the fluid passageway 
304 remain substantially the same, the height of open- 
ings similar to the openings 252 and/or 254 may be var- 
ied from large to small generally in the direction of Inlet 
5 flow. 

[0048] Refen-ing now to Figure 8, an interconnect 930 
is provided. A portion 932 comprises a surface similar 
to surface 200 described above. Portion 932 is at least 
partially in fluid communication with an anode 912 of a 

10 first cell 91 0. The flrst cell 91 0 comprises the anode 91 2 , 
an electrolyte 914, and a cathode 91 6. The interconnect 
930 comprises portion 932 on one side thereof, and an- 
other portion 934 on the opposite side of interconnect 
930, where portion 934 is designed similar to or different 

15 from portion 932. At least a portion of portion 934 is at 
least partially in fluid communication with a cathode 926 
of a second cell 920. Second cell 920 comprises cath- 
ode 926, anode 922, and an electrolyte 924. 
[0049] In another embodiment, and referring now to 

20 Figure 9, a cell system 1000 comprises an end cap 
1 020. End cap 1 020 may be used adjacent to a first cell 
in a stack. At least a portion of end cap 1 020 is at least 
in partially fluid communication with a cathode 1012 of 
a cell 1010. Cell 1010 comprises the cathode 1012, an 

25 electrolyte 1 014, and an anode 1 01 6. 

[0050] The benefits of the fluid distribution surface de- 
sign include providing a substantially uniform fluid dis- 
tribution across the surface of the electrode. The uni- 
form fluid distribution, which is preferably uniform in both 

30 flow rate and concentration, allows for increased current 
density, an overall increase in cell output, decreased fu- 
el waste, capability to produce smaller cells, optimal us- 
age of available cell area, elimination of macro scale 
temperature gradients which adversely affect durability, 

35 among other benefits. 

[0051] While preferred embodiments have been 
shown and described, various modifications and substi- 
tutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be 

40 understood that the apparatus and method have been 
described by way of illustration only, and such illustra- 
tions and embodiments as have been disclosed herein 
are not to be construed as limiting to the claims. 



1 . An electrode fluid distributor, comprising: 

so a fluid passageway (204) having a plurality of 

adjacent segment pairs each comprising an in- 
let segment (232) and an adjacent ouflet seg- 
ment (234), said inlet segments (232) in fluid 
communication with an inlet, a said outlet seg- 

55 ments In fluid communication with an outlet, 

and a baffle (242) disposed between adjacent 
inlet (232) and outlet segments (234), 
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wherein each inlet segment (232) is in fluid 
communication with adjacent iniet segments (232) 
and adjacent outlet segments (234), and further 
wherein each outlet segment (234) is in fluid com- 
munication with adjacent outlet segments (234). s 

The electrode fluid distributor as in claim 1 , the baf- 
fle (242) having a baffle first side and a baffle sec- 
ond side opposite the baffle first side, wherein at 
least one inlet segment (232) is in fluid communica- io 
tion with an adjacent outlet segment (234) via a pas- 
sage (244) at the baffle first side. 

The electrode fluid distributor as in claim 2, the ad- 
jacent segment pairs separated by a wall (224) hav- 
ing a first wall side corresponding with the first baffle 
side and a second wall side corresponding with the 
second baffle side, wherein at least one inlet seg- 
ment (232) is in fluid communication with an adja- 
cent inlet segment (232) via a passage (252) at the 20 
wall first side. 

The electrode fluid distributor as in claim 2, the ad- 
jacent segment pairs separated by a wall (224) hav- 
ing a first wall side corresponding with the first baffle 25 
side and a second wall side corresponding with the 
second baffle side, wherein at least one outlet seg- 
ment (234) is in fluid communication with an adja- 
cent outlet segment (234) via a passage (254) at 
the wall second side. 30 

The electrode fluid distributor as in claim 1 , the ad- 
jacent segment pairs separated by a wall (224), 
wherein fluid communication between the adjacent 
inlet segments (232) is with a plurality of first open- 55 
ings (252) on the wall (224) each having a first open- 
ing area, and wherein fluid communication between 
the adjacent outlet segments (234) is with a plurality 
of second openings (254) on the wall (224) each 
having a second opening area. ^0 

The electrode fluid distributor as in claim 5, further 
comprising a plurality of fluid passageways (204) 
each having a length extending radially from an 
edge of the distributor to a point (206) on the dis- -^5 
tributor, each segment pair characterized by an ax- 
ial width and a radial length, wherein the segment 
pair axial width of adjacent segment pairs decreas- 
es and the radial length of adjacent segment pairs 
remains substantially the same in the direction of so 
the length of the fluid passageway extending radi- 
ally from the edge of the distributor to the point (206) 
on the distributor. 

The electrode fluid distributor as in claim 6, wherein 55 
adjacent segment pairs have first opening (252) ar- 
eas and second opening (254) areas that vary pro- 
portionally with the variation in axial width. 



8. The electrode fluid distributor as in claim 5, the fluid 
passageway (204) having a dimension, the adja- 
cent segment pairs characterized by a width and 
a length, wherein the width remains substantially 
the same and the length remains the same along 
the dimension of the fluid passageway (204). 

9. The electrode fluid distributor as in claim 8, wherein 
adjacent segment pairs have first opening (252) ar- 
eas and second opening (254) areas that vary along 
the dimension of the fluid passageway (204). 

10- The electrode fluid distributor as in claim 5, the fluid 
passageway (204) having a dimension, the adja- 
cent segment pairs characterized by a width and 
a length, wherein the width remains substantially 
the same and the length varies along the dimension 
of the fluid passageway (204). 

11. The electrode fluid distributor as in claim 10, where- 
in adjacent segment pairs have first opening (252) 
areas and second opening (254) areas that vary 
proportionally with the variation in segment pair 
length along the dimension of the fluid passageway 
(204). 

12. The electrode fluid distributor as in claim 1, further 
comprising a plurality of fluid passageways (204) 
each extending radially from an edge of the distrib- 
utor to a point (206) on the distributor. 

13. The electrode fluid distributor as in claim 12, where- 
in the inlet and the outlet are at the edge of the dis- 
tributor. 

14. The electrode fluid distributor as in claim 1, further 
comprising a plurality of fluid passageways (304) 
each extending in substantially the same direction. 

1 5. The electrode fluid distributor as In claim 1 4, where- 
in the iniet and the outlet are at a same side of the 
distributor. 

16. The electrode fluid distributor as in claim 1 4, where- 
in the inlet and the outlet are at opposite sides of 
the distributor. 

17. An electrode fluid distributor, comprising: 

a fluid passageway (204) capable of overt fluid 
flow to a plurality of segmented portions of the 
fluid passageway (204). 

18. A solid oxide fuel cell comprising: 

a first electrode (210); 
a second electrode; 

an electrolyte between said first electrode and 
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said second electrode; and 
an interconnect at least in partial fluid commu- 
nication with said first electrode, said intercon- 
nect comprising a fluid passageway (204) hav- 
ing adjacent segment pairs each comprising an s 
inlet segment (232) and an adjacent outlet seg- 
ment (234), said inlet segments (232) in fluid 
communication with an inlet, a said outlet seg- 
ments (234) in fluid communication with an out- 
let, and a baffle (242) disposed between adja- io 
cent Inlet (232) and outlet segments (234), 

wherein each inlet segment is in fluid commu- 
nication with adjacent inlet segments and adjacent 
outlet segments, and further wherein each outlet *5 
segment Is in fluid communication with adjacent 
outlet segments. 

19. A method of fluid transport comprising overtly di- 
recting a fresh fluid into individual segments of an 
electrode. 

20. A method of fluid transport comprising: directing a 
fresh fluid flow to a plurality of discreet sections of 

an electrode surface, the fluid at each section re- ^5 
acting with the electrode fomning spent fluid such 
that substantially no spent fluid flows to a subse- 
quent section of the electrode surface. 

21. The method as in Claim 20, wherein the fluid flow 30 
is directed through an inlet channel comprising a 
plurality of inlet segments (232) and the spent fluid 

is directed through an outlet channel comprising a 
plurality of outlet segments (234), wherein fluid 
flows between the inlet segment (232) and the out- 35 
let segment (234) adjacent to a discreet section 
through a passage (244) in a baffle (242). 

22. The method as in claim 21 , wherein a substantial 
portion of fluid flow between the inlet segment (232) 
and the outlet segment (234) adjacent to a discreet 
section through the passage (244) in the baffle 
(242) is at the electrode surface. 

23. The method as in claim 21, wherein a substantial 45 
portion of the fluid flow in the inlet channel and in 

the outlet channel is not at the electrode surface 

24. The method as in claim 20, wherein each section 
receives substantially the same flow rate of. the so 
same concentration fluid. 
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FIGr. 7 ^304 
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